Background: Early identification of patients with acute ischemic strokes due to large vessel occlusions (LVO) is critical. We propose a simple risk score model to predict LVO. Method: The proposed scale (Pomona Scale) ranges from 0 to 3 and includes 3 items: gaze deviation, expressive aphasia, and neglect. We reviewed a cohort of all acute stroke activation patients between February 2014 and January 2016. The predictive performance of the Pomona Scale was determined and compared with several National Institutes of Health Stroke Scale (NIHSS) cutoffs (≥4, ≥6, ≥8, and ≥10), the Los Angeles Motor Scale (LAMS), the Cincinnati Prehospital Stroke Severity (CPSS) scale, the Vision Aphasia and Neglect Scale (VAN), and the Prehospital Acute Stroke Severity Scale (PASS). Results: LVO was detected in 94 of 776 acute stroke activations (12%). A Pomona Scale ≥2 had comparable accuracy to predict LVO as the VAN and CPSS scales and higher accuracy than Pomona Scale ≥1, LAMS, PASS, and NIHSS. A Pomona Scale ≥2 had an accuracy (area under the curve) of 0.79, a sensitivity of 0.86, a specificity of 0.70, a positive predictive value of 0.71, and a negative predictive value of 0.97 for the detection of LVO. We also found that the presence of either neglect or gaze deviation alone had comparable accuracy of 0.79 as Pomona Scale ≥2 to detect LVO. Conclusion: The Pomona Scale is a simple and accurate scale to predict LVO. In addition, the presence of either gaze deviation or neglect also suggests the possibility of LVO.
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Background
Each year in the United States approximately 692,000 people have new or recurrent ischemic strokes [1] . In 40-50% of these patients, this is due to large vessel occlusions (LVO) [2] . A recent population-based study reported that the estimated incidence of acute LVO was 77,569 per year in the United States, and that fewer than 11,000 thrombectomies were performed in 2015 [3] . Thus, the majority of patients with LVO stroke do not receive potentially beneficial interventions. The principal reason is delayed diagnosis and subsequent delayed transfer to an endovascular capable stroke center [4] . Therefore, early detection of patients with LVO is important. At present, there are several scales that use different clinical signs for identifying LVO patients; however, these scales are not widely used in clinical practice [5] . The most popular scales/scores are the Los Angeles Motor Scale (LAMS), the Cincinnati Prehospital Stroke Severity (CPSS) scale, the Rapid Arterial Occlusion Evaluation (RACE) scale, and the Vision Aphasia and Neglect Scale (VAN) [6] [7] [8] [9] . We propose a simple screening tool that is easy to use in both prehospital and emergency room settings (the Pomona Scale).
Methods
The Pomona Valley Hospital Institutional Review Board considered this a retrospective chart review research study. All charts for patients presenting with acute stroke alert activation at Pomona Valley Hospital (a certified primary stroke center with endovascular capability in Pomona, CA, USA) between February 2014 and January 2016 were reviewed. Demographic data were collected.
LVO was determined by computed tomography (CT) angiogram, magnetic resonance angiogram, or cerebral angiogram and involved the distal internal carotid artery, middle cerebral artery (M1), or basilar artery. We excluded distal middle cerebral artery branch (M2, M3, and M4), anterior cerebral artery, posterior cerebral artery, and vertebral artery occlusions because the standard of care using thrombectomy for these LVO is less rigidly established [10] .
We also excluded patients who had a final diagnosis of stroke but no vascular imaging. At our hospital, noncontrast CT head scans are obtained followed by CT angiograms (if no contraindication) for all patients with suspected acute ischemic stroke who were last known to be well within 8 h of presentation and who had an initial National Institutes of Health Stroke Scale (NIHSS) score ≥4 or < 4 if the on-call neurologist suspected LVO. The NIHSS was routinely assessed by certified NIHSS nurses in all acute stroke activations. For wake-up stroke patients, triage for revascularization treatment was per clinician discretion. We reviewed all vascular imaging for all acute stroke patients, including digital subtraction angiography, CT angiography, and/or magnetic resonance angiography.
Each chart was further reviewed for the clinical features that comprised the elements of the various scales. We collected the total NIHSS score and specific NIHSS data, including level of consciousness (1a), LOC (level of consciousness) question (1b), LOC command (1c), best gaze, visual field, facial weakness, motor arm weakness, aphasia, and neglect. Expressive aphasia is not routinely identified in the aphasia score in the NIHSS. Therefore, for a patient with a positive score for aphasia, we reviewed physician notes to determine whether or not the patient had expressive aphasia.
Our new Pomona Scale ranges from 0 to 3 and includes the following signs: gaze deviation, expressive aphasia, and neglect, each given 1 point when present. We hypothesized that having Pomona Scale ≥2 would have a high sensitivity, specificity, and accuracy to predict LVO. The LAMS is a graded 3-item scale: facial droop (absent = 0, present = 1), arm drift (absent = 0, drifts = 1, falls rapidly = 2), and grip strength (normal = 0, weak = 1, none = 2) with a range from 0 to 5 [6] . The CPSS scale grades 3 NIHSS items: 2 points for the presence of conjugate gaze, 1 point for the presence of arm weakness, and 1 point for altered level of consciousness with a range of 0-4 [8] . The VAN assesses upper extremity drift (weakness), vision problem, aphasia, and neglect [9] . The score is either positive or negative; a positive score means the patient has weakness and 1 or more of the other findings. The Prehospital Acute Stroke Severity Scale (PASS) also grades 3 NIHSS items (gaze deviation, arm weakness, and level of consciousness, absent = 0, present = 1) with a range of 0-3 [5] . For purposes of comparison, the scales were considered positive for LVO if the Pomona Scale was ≥2, the LAMS ≥4, the CPSS scale ≥2, the VAN positive, and the PASS ≥2.
We calculated each scale's sensitivity, specificity, positive and negative likelihood ratios, positive and negative predictive values, and performance using receiver operating characteristic curve analysis (area under the receiver operating characteristic curve [AUC]). A 2-sided p value of < 0.05 was considered significant. All statistical analysis was performed using SAS version 9.4, SAS Institute, Cary, NC, USA.
Results
Seven hundred ninety-one patients triggered an acute stroke activation; 15 patients that did not receive vascular imaging due to exclusion criteria were not included in the analysis. Four hundred and forty-four (57%) patients were female. The median age was 71 years (interquartile range [IQR] 59-84). There were 94 patients with acute ischemic strokes due to LVO: 48 patients with M1 occlusions, 41 with internal carotid artery occlusions, and 5 with basilar artery occlusions. There were 38 patients with distal artery occlusion (M2 and M3 branches). Of 30 stroke patients with M2 branch occlusion, 24 (80%) had Pomona ≥2. Of 8 stroke patients with M3 branch occlusion, 3 (38%) had Pomona ≥2.
Among the LVO patients, left hemispheric involvement was present in 30 patients and right hemispheric involvement in 59 patients. The 682 acute stroke activations with vascular imaging but no LVO included 286 acute ischemic strokes, 110 transient ischemic attacks, 93 intracranial hemorrhages, and 193 stroke mimics. Stroke mimic patients had metabolic disturbances (n = 52), seizures (n = 43), psychiatric diagnoses (n = 20), migraine headaches (n = 13), and other conditions (n = 105). The median NIHSS score in patients with acute ischemic strokes with LVO was 20 (IQR 17-26) compared to 8 (IQR 4-17) in patients without LVO (Table 1) .
Using NIHSS items, the most accurate predictors of LVO were gaze deviation, neglect, and visual field defect with AUCs of 0.79, 0.79, and 0.82, respectively ( Table 2) . We found that visual field defects always presented with either gaze deviation or neglect in LVO patients. A Pomona Scale ≥2 had comparable accuracy to predict LVO as the VAN and CPSS scales and a higher accuracy than Pomona Scale ≥1, LAMS, PASS, and NIHSS (AUC): Pomona ≥2 = 0.79 as reference; VAN We unexpectedly found that the presence of either neglect or gaze deviation has comparable accuracy (AUC = 0.79) to predict LVO as Pomona Scale ≥2 with a sensitivity of 0.95, a specificity of 0.64, a PPV of 0.27, and an NPV of 0.99 (Table 3) . Fig. 1 . Receiver operating characteristic curves comparing the discrimination of Pomona Scale ≥2, Pomona Scale ≥1, neglect/gaze (gaze deviation), VAN, LAMS, CPSS, PASS, and NIHSS for the detection of large vessel occlusion strokes. VAN, Vision Aphasia and Neglect Scale; LAM, Los Angeles Motor Scale; CPSS, Cincinnati Prehospital Stroke Severity Scale; PASS, Prehospital Acute Stroke Severity Scale; NIHSS, National Institutes of Health Stroke Scale.
Discussion
For patients with acute ischemic stroke due to LVO, faster times from symptom onset and imaging to reperfusion are associated with more favorable outcomes [11] . Every 30 min delay from onset to angiographic reperfusion reduces the relative likelihood of a good clinical outcome by 12% [12] . There is an average 2-h delay in transferring patients to hospitals that have endovascular capability ("drip and ship" approach) [13, 14] . Routing patients with LVO to comprehensive stroke centers or endovascular capable stroke centers directly ("mothership" approach) is likely to be faster and have higher "good" outcomes for patients, but this remains to be proven [15] . Therefore, early identification of acute ischemic stroke patients with LVO is critical. The optimal LVO screening scale is one that is simple, accurate, reliable, valid, and proven to improve patient outcome [16] . Moreover, the screening tool should be applicable in the field so that paramedics can use it for pre-arrival notification and patient triage and in the emergency rooms without acute vascular imaging availability [15, 16] . Values are scores with 95% confidence intervals in parentheses. LVO, large vessel occlusion; NIHSS, National Institutes of Health Stroke Scale; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; VAN, Vision Aphasia and Neglect Scale; LAMS, Los Angeles Motor Scale; CPSS, Cincinnati Prehospital Stroke Severity Scale; PASS, Prehospital Acute Stroke Severity Scale. a Accuracy at cut point. Our study showed that the Pomona Scale ≥2 or the presence of either neglect or gaze deviation had high sensitivity and a moderate specificity to identify LVO patients. It performed better than more complex scales. The Pomona Scale is very simple, scoring just 3 components of the routine neurological examination: neglect, expressive aphasia, and gaze deviation.
Criteria used to select exam elements for the Pomona Scale included relative ease of testing and ability to differentiate LVO from non-LVO. We intentionally did not include a visual field test in the Pomona Scale because it is complex to perform. And although motor symptoms strongly correlate with higher NIHSS scores, they are not good discriminators of non-LVO from LVO stroke [4] . Facial weakness and arm weakness are not specific for cortical LVO stroke as they can also occur in subcortical or lacunar strokes. On this basis, we did not include a motor component for our scale.
Several screening tools for LVO have been proposed and evaluated [4-9, 14, 17] . The LAMS includes facial and arm motor weakness, does not evaluate cortical signs, and has low sensitivity [6] . The CPSS scale is a simple scale but does not evaluate aphasia or neglect, which are important cortical signs [8] . The VAN is a very sensitive scale and has an easy acronym. However, it is more complex and has several items to evaluate, including visual field testing (which requires training) [9] . The PASS is derived from a large national ischemic stroke cohort. It is quite simple and highly specific. However, data for the specific location of large artery occlusions are absent, making the interpretation of this scale's performance difficult [5] . The RACE scale has been validated in the prehospital setting, but most patients with LVO in this study were diagnosed with transcranial Doppler. The RACE scale is very complex and has 6 items to evaluate, which is too cumbersome for use in the field. Some of the RACE items' scorings are different from NIHSS scoring, which makes it harder for nurses in the emergency room setting who routinely use the NIHSS [7] . Moreover, the RACE scale had an 80% falsepositive rate in detecting LVO, but its use significantly decreased door to CT, door to needle, door to groin, and door to recanalization times [18] . Although a high false-positive rate presents significant clinical problems, we think that using a screening tool is better than no tool to guide emergency medical services workers in the triage of patients. The Pomona Scale has a 29% false-positive rate.
NIHSS scores are complex and impractical to perform in the field. The best cutoff score for the NIHSS to predict LVO is still controversial, although a high NIHSS score is associated with LVO [19, 20] . Our data showed that different NIHSS cutoffs were not accurate in LVO prediction. One study reported that 13% of patients with LVO had an NIHSS score of 0 [17] . The sensitivity of these scales ranges from 50 to 64%, which means up to one-third of strokes with LVO would be missed [4-9, 14, 17] . Turc et al. [16] analyzed multiple scales for LVO and found that using published cutoffs to reduce the false-negative rate to 10% would result in a false-positive rate of 46-100%. Scheitz et al. [19] also confirmed that using the higher cutoffs of multiple scales will result in an underdiagnosis of LVO and vice versa. Ultimately, due to the therapeutic implications of thrombectomy, trading a higher sensitivity for a lower specificity may be more optimal.
The Field Assessment Stroke Triage for Emergency Destination (FAST-ED) scale was published after we had completed this retrospective review and was not directly applied to our data [4] . The authors reported that the sensitivity, specificity, PPV, NPV, and accuracy of FAST-ED ≥4 were 0.61, 0.89, 0.72, 0.82, and 0.79, respectively. The respective values for Pomona ≥2 are 0.86, 0.71, 0.71, 0.97, and 0.79, respectively. With a higher sensitivity and lower specificity, the Pomona Scale is more likely to identify patients with LVO. We accept a higher false-positive rate as the morbidity of CT angiogram in non-LVO acute ischemic stroke patients is far less than when missing a patient with LVO. Given the similar accuracy of the 2 scales, ease of use and teachableness become important factors.
From a neuroanatomical point of view, gaze deviation indicates involvement of either the frontal eye field or paramedian pontine reticular formation, which helps us detect both anterior and posterior LVO [5] . Expressive aphasia indicates the involvement of Broca's area of the dominant hemisphere. Neglect or extinction indicates the involvement of the right temporal lobe, insular lobe, putamen, and caudate nucleus of the nondominant hemisphere [21] . Isolated visual field defects from acute ischemic strokes are very rare (approximately 0.16%) [22] . The majority of homonymous visual field defects are caused by occipital lobe involvement (40%), which is supplied by the posterior cerebral artery [22] .
This study has limitations. First, this is a retrospective chart review with a relatively small sample size of LVO compared to other studies. Second, there were 5% of patients with posterior circulation LVO, making it difficult to evaluate the performance of the scale in these patients. Third, external validation with an independent cohort and prospective evaluation in the prehospital setting are needed. Fourth, clinical signs and symptoms can fluctuate in the first hours following acute ischemic stroke; it is possible that the stroke severity at the time of prehospital examination will change by the time a treatment decision for ischemic stroke is made by medical providers. Finally, we did not test our data with all prehospital screening scales for direct comparison purposes, e.g., RACE and FAST-ED scales. The RACE scale was not utilized due to its complexity and time needed to complete, rendering it less applicable to the in-transit setting, and the FAST-ED scale was published after our retrospective data review was completed. We do not believe that the Pomona Scale will create confusion for emergency medical services providers: it is not designed to discriminate stroke from nonstroke neurological emergency. Rather, it is a complementary tool to further categorize a presumed stroke. It is a simple scale with only 3 clinical elements, each of which only has 2 scores, 0 or 1 for absence or presence. By comparison, the FAST-ED scale has 5 clinical elements, each judged by multiple and somewhat subjective criteria. Our purpose in implementing the Pomona Scale is to easily predict LVO and thereby triage the patients to endovascular capable comprehensive stroke centers, bypassing primary stroke centers.
In conclusion, the Pomona Scale is a simple and accurate screening tool to identify LVO. In addition, the presence of either gaze deviation or neglect also suggests the possibility of LVO. If the Pomona Scale is successfully validated prospectively in an emergency room or prehospital setting, it might be a useful tool for LVO triage.
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